Genotoxicity of tamoxifen, tamoxifen epoxide and toremifene in human lymphoblastoid cells containing human cytochrome P450s.
The clastogenicity of tamoxifen and toremifene was tested in six human lymphoblastoid cell lines each expressing increased monooxygenase activity associated with a specific transfected human cytochrome P450 cDNA (CYP1A1, CYP1A2, CYP2D6, CYP2E1 or CYP3A4). The chemicals were also tested in a cell line (MCL-5) expressing elevated native CYP1A1 and containing transfected CYP1A2, CYP2A6, CYP2E1 and CYP3A4 and epoxide hydrolase, and in a cell line containing only the viral vector (Ho1). Dose-related increases in micronuclei were observed when cells expressing 2E1, 3A4, 2D6 or MCL-5 cells were exposed to tamoxifen. The positive responses in the cell lines were in the order MCL-5 > 2E1 > 3A4 > 2D6. Toremifene also gave positive results with 2E1, 3A4 and MCL-5 cells, although the responses were less marked and the positive effects required higher doses than with tamoxifen. A synthesized epoxide of tamoxifen was also tested in these cell lines and produced similar increases in the incidences of micronucleated cells. The increases in the responses observed with the epoxide were greater than with tamoxifen or toremifene. The P450 isoenzyme activities in these cells were in a range similar to those of human tumour-derived cell lines. Microsomes (1A1, 2A2, 2A6, 2B6, 2E1, 3A4 and 2D6) from these cells all metabolized tamoxifen. The major metabolite detected by HPLC was N-desmethyltamoxifen, and 4-hydroxytamoxifen was also detected in cells with cytochrome P450 2E1 and 2D6. These results are consistent with the following conclusions. (1) Tamoxifen requires metabolic activation to DNA-reactive species by specific CYP monooxygenases in order to exert its genotoxic effects. (2) The positive clastogenic effects elicited in lymphoblastoid cells by tamoxifen epoxide suggest that the genotoxic (and possibly the carcinogenic) effects of tamoxifen may be due to one or more epoxide metabolites that are generated intracellularly, probably in close proximity to the nucleus. (3) Tamoxifen is more genotoxic than toremifene.